in the normal lung and by Duguid, Hulse, Richardson, and Young (1953) , Duguid, Young, Cauna, and Lambert (1964) , and Dunnill (1962a Dunnill ( , 1964 Dunnill ( , 1965 (Stuart-Harris, 1965) , and it appeared possible that internal surface area might be a useful measurement of pulmonary emphysema. This paper assesses the loss of internal surface area which occurs in emphysema and attempts to evaluate some possible objective methods of measuring emphysema.
MATERIALS AND METHODS
The material consisted of 29 pairs of non-emphysematous lungs and 44 pairs of emphysematous lungs.' Twenty-five pairs of the non-emphysematous lungs were as free from disease as possible and they have been described elsewhere (Thurlbeck, 1967a All lungs were inflated intrabronchially with 10% formalin at a constant transpulmonary pressure of 25 cm. of formalin for at least 18 hours. The lung volumes were determined by water displacement at the end of the period of inflation and this lung volume will be termed the total lung volume (TLV). rhe lungs were sliced sagittally at 1-cm. intervals and impregnated with barium sulphate (Heard, 1958) . The slices were then floated under water and examined with a dissecting microscope. Those thought free from emphysema at this examination constituted the nonemphysematous lungs. The emphysematous lungs were assessed and graded in each of 10 zones as 'mild', 'moderate', or 'severe', using standard grading pictures (Thurlbeck, 1963a) derived from a Ciba Guest Symposium (1959) . Numerical values were given to these grades, 'mild' being given the value 1, 'moderate' the value 2, and 'severe' the value 3. These assessments were then summed, the result being expressed out of a maximum of thirty. Typical, unusual, or doubtful regions were photographed and corresponding regions were taken at the time of this examination for subsequent histological study.
A simple modification of Dunnill's (1962a) (Thurlbeck, 1967a) and will be designated by adding a per cent sign after the symbol.
The methods used to obtain these measurements were very similar to those of Dunnill (1962a Dunnill ( , 1964 and Weibel (1963) and have been described in detail elsewhere (Thurlbeck, 1 967a) . Measurements were made on processed tissue, but Lm and ISA refer to measurements on fresh tissue by correcting for tissue shrinkage. The assumption made in correcting to Lmc, ISAc, and ISA5 is that the lung changes equally in all dimensions, i.e., linear dimensions change with the cube root of the change of volume, and twodimensional changes (area) change to the two-thirds power of the change of lung volume. The arbitrary lung volume was chosen because there was no way of being certain of accurately reproducing lung volumes as they existed during life (Thurlbeck, 1967b) .
Internal surface area measurements in emphysematous lungs were made from two sets of five random blocks of tissue from all available slices of each lung, excluding the mid-sagittal slices, rather than on one set of five blocks from the lateral slices as had been used in non-emphysematous lungs. This was done because, in general, the standard error of the mean linear intercept from only five blocks was often high (>2-5%) in emphysematous patients, particularly when emphysema was severe.
When all material had been processed (the gross assessment of emphysema, photographs, whole-lung sections, specific and random section) a final subjective score to a maximum of 30 units was given to the lung based on all these data. When there was a discrepancy between the two lungs, the scores of the lungs were averaged. These scores were made before the various objective measurements had been made and will be referred to as the 'unit score' or as 'units'.
Whole-lung sections from 22 lungs were circulated to eight pathologists expert in the pathology of emphysema as part of a separate project. They were asked to assess the amount of emphysema in the lung, using whatever criteria they currently used. All the pathologists filled in a check sheet in which emphysema was categorized as being absent, mild, moderate, or severe. These were given the values of 0, 1, 2, or 3 respectively. The scores given to each lung by the observers were summed and then averaged, and this value will be referred to as the 'Co-op score'.
R1SULTS
A table which gives all the data on all the lungs is on file with the editorial office of Thorax, and copies may be obtained from the author. Table I shows the relationship between the subjective assessment of emphysema (units, Co-op score, and the point count) and the parameters on all lungs, whether emphysematous or not. The relationships are expressed as correlation coefficients.' Table II shows the same relationships but for emphysematous lungs only. The probability of no relationship is less than 1 in 1,000 (P<0001) for all combinations in both Tables except for the following: ISA% and Co-op for all cases, and point count and Co-op for emphysematous lungs (0-01>P>0-001); Co-op and ISA, for all lungs, Co-op and ISA% for emphysematous lungs, and Co-op and ISA¢% for emphysematous lungs (0-05>P>0-01); Co-op and ISA for all lungs and for emphysematous lungs and Co-op and ISA, for emphysematous lungs (P>0O-05). It should be noted that the Co-op score only is involved in these apparently 'A correlation coefficient (r) of + 1 00 indicates a complete, positive correlation between the two variables considered, and a correlation coefficient of -100 indicates a complete, negative correlation. A correlation coefficient of 0-00 indicates no correlation. Thus the further above 0-00 the closer the correlation. Figure 1 shows that while internal surface area (ISA) generally decreases as the unit assessment of emphysema increases, the relationship is a crude one and the majority of emphysematous lungs have internal surface areas within the wide normal range. Figure 5 illustrates a patient with a unit score of 26 whose ISA was 61 square metres. When alveolar surface area is Figure 2 also shows that many of the patients with emphysema considered to be purely or dominantly centrilobular in type had relativz preservation of surface area. Figure 8 illustrates one classic such example. That surface area is not always preserved in centrilobular emphysema is shown in Figure 9 . Figure 3 shows that the mean cord at 25 cm. of formalin is generally increased in emphysema. Similar trends to ISA5 are apparent-the lungs with 'mild' emphysema have Lm values within the normal range and Lm is often, but not always, preserved in centrilobular emphysema. Figure 4 illustrates the fact that there is only a crude correlation between the point count assessment of emphysema and ISA.
DISCUSSION
Alveolar surface area has been measured in relatively few lungs with emphysema. Dunnill (1965) found that four of five pairs of lungs with centrilobular emphysema had values of 66 to 69 sq. m., close to his assumed normal of 70 sq. m. Thc remaining patient had the highest proportion of the lung involved by centrilobular emphysema (30 5 %) and had a surface area of 40 sq. m., but the patient was an 'extremely small woman'. By contrast, he found that all but one patient with panlobular (panacinar) emphysema had internal surface areas thought to be abnormally small. Duguid et al. (1964) (Hicken, Heath, and Brelwer, 1966) .
If the loss of internal surface area in emphysema is to be assessed, knowledge of normal internal surface area is essential. A wide variation of internal surface area is present in nonemphysematous lungs inflated to standard pressure (Thurlbeck, 1967a) , but this range is smaller when alveolar surface area is corrected to an arbitrary standard volume, as is shown in Figures 1 and 2 . Figure 10 illustrates all published internal surface areas with sufficient data to correct to a standard lung volume of 5 litres. The cases of Duguid et al. (1964) (Table III) . They also had a lower Co-op score than those lungs considered to have moderate emphysema. This group of cases is an important one, since it forms about half the cases of emphysema seen in a random necropsy population in a general hospital (Thurlbeck, 1963b (Thurlbeck, 1967b) , and this may have still uncertain. Comparison been the cause. of patients with emphysema On the other hand, patients arbitrarily conid' (1 to 5 units) shows that sidered to have 'severe' emphysema (with 16 or ISA5 values which are not more units of emphysema) generally had low -hose of non-emphysematous values for internal surface area, the lowest being patients in this group, one 28 sq. m., which was 37% of predicted when alues, but the other eight are expressed at a standard lung volume of 5 litres.
lowest having an ISA5 of All except two patients had ISA5 values of less 'he group as a whole had than 80% of predicted, and the mean value of A surface areas no matter the group as a whole was 62% of predicted. The sed. Since the assessment of two patients with ISA5 of 80% or more of is clearly a subjective one, predicted are of interest. One had widespread stify this group as having centrilobular emphysema and ISA5 was 83% of (Thurlbeck, 1967b) (Thurlbeck, 1967b In view of these differences, it is pertinent to consider the purposes of measurement, since subjective and objective measurements may have separate functions. For example, large-scale surveys of emphysema in necropsies ideally require a measurement which is quick and simple but the measurement must recognize mild grades of emphysema which form a major portion of incidentally found emphysema. Clearly, the objective measurements described here do not fulfil these criteria and should not be pursued further in this regard. A more rational approach would be to develop a standardized subjective visual grading system for this purpose. Contrarily, the extra time may be well spent when relatively few cases are to be studied, such as correlative studies of structure and function. This is particularly true since there is at present no agreed subjective visual grading system and the same experience may be described differently because different subjective methods are used. Interpretation of emphysema in these circumstances is critical, and objective measurements would be of value so that observers can interpret the data of others. Objective measurements are based on sampling, thus extra sampling will improve their sensitivity and the extra effort may be worth while in these groups of cases. However, many lungs from which one may wish to make measurements-particularly emphysematous lungs-may be far from ideal, being pneumonic, infarcted, or haemorrhagic, and this may mitigate the gains made by extra sampling.
The fact that the mean Lm was increased in the group of 'mild' emphysema whereas the mean ISA5 was not altered in this group raises interesting speculations. Since internal surface area is derived from the dividend of lung volume by mean linear intercept, this suggests that lung volume was increased pari passu with the increase in mean linear intercept. Since a standard transpulmonary pressure was used to inflate the lungs this suggests that elastic recoil was lost in the patients with 'mild' emphysema. It is difficult to ascribe this putative loss of elastic recoil to the slight degree of emphysema, although conventional wisdom dictates that the changes in elastic recoil accompany or succeed the emphysematous lesions; might they not precede them ? Loss of elastic recoil in aged, non-emphysematous lungs was postulated from morphological data (Thurlbeck, 1967a) and these lungs are similar in some respects to those of patients described here with 'mild' emphysema. Aged non-emphysematous lungs and lungs with 'mild' emphysema have similar abnormalities of function and objective measurements when compared to young nonemphysematous lungs. The lungs of patients with 'mild' emphysema differ from the aged nonemphysematous lungs by the presence of clear-cut destructive enlargement of respiratory tissue. Perhaps it may be possible for lungs from patients of the same age to differ in elastic properties and yet not in the presence of morphological emphysema. Might this not be the predecessor to morphological emphysema ? Although interesting, these speculations cannot be profitably pursued at the present time.
